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Abstract—This paper presents the HypIRskin device, a func-
tional prototype designed for the active thermography-based
diagnosis and characterization of skin cancer lesions. The proto-
type’s primary goal is to provide standardized and reproducible
results within a clinical environment, thereby enhancing the
efficiency of skin cancer diagnostics. The device, tested in a
hospital setting, demonstrates rapid and efficient measurements,
with a total time of approximately three minutes. Utilizing active
infrared thermography, the device employs thermal excitation,
specifically cooling the skin lesion, to capture its reheating pattern
and rate. This approach takes advantage of heightened metabolic
activity and angiogenesis associated with malignant cells, making
it effective in characterizing skin cancers. The device integrates
an infrared camera and an RGB camera, synchronized to capture
simultaneous thermal and visual images of the same skin location
during steady state, cooling and reheating. Results from cooling
analyses using agar skin phantoms demonstrate the device’s
ability to provide uniform and reproducible cooling effects. The
paper introduces the initial findings from testing the prototype
on patients. It shows the captured images and thermal recovery
curves of both affected and healthy skin areas. Additionally, it
discusses the device’s advantages, current research efforts, and
future research, emphasizing its importance in dermatological
diagnostics.

Index Terms—Skin Cancer, Dynamic Infrared Thermography,
Skin Cooling, Diagnosis, Skin Lesions
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I. INTRODUCTION

Cancer, a leading cause of premature death globally, claimed
nearly 10 million lives in 2020, constituting almost one in six
deaths. With over 19 million new cancer cases diagnosed in
the same year, 1.50 million were attributed to skin cancer [1].
In Europe, rising incidences of melanoma and non-melanoma
skin cancer are observed, particularly among elderly popula-
tions as a result of cumulative UV exposure. Incidence rates
have tripled in Europe in the last four decades [2]. Early
treatment of skin cancer is crucial to increase overall health.
Conventional diagnostic methods like visual examination and
biopsies have limitations [3]. Skin cancer screening often in-
volves Total Body Skin Examination (TBSE) and dermoscopy,
relying on the ABCDE classification for melanoma diagnosis
[4]. Despite skilled dermatologists conducting these exams,
specificity is relatively low, with moderate sensitivity [2].
This paper introduces a functional prototype, HypIRskin, for
skin cancer characterization and diagnosis using dynamic
infrared thermography. The prototype aims for standardized
and reproducible results in a clinical setting.

A. Skin Cancer and Thermography

Active infrared thermography (IRT) for non-invasive skin
temperature measurement utilizes infrared radiation in the long
wave infrared range (LWIR: 8 (7.5)–14 µm). This technique
involves intentional thermal excitation to enhance contrast,
with its effectiveness in skin cancer detection demonstrated
through cooling skin lesions to capture reheating patterns [5].
Active thermography, widely used in medical applications, is
particularly adept at identifying skin cancer due to increased
metabolic activity and angiogenesis in malignant cells [6].
Distinct thermal signatures in different skin tumor types allow
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thermography to differentiate between various skin cancers [7].
Thermal infrared imaging reveals blood vessel changes and
chemical alterations linked to tumor development and growth
[8]. Infrared thermography’s advantage lies in discerning skin
rewarming rates, enabling precise assessment of lesion bound-
aries and depth [9]. Notably, this technique avoids ionizing
or harmful radiation, relying solely on the body’s heat for
imaging.

B. Related Work

State-of-the-art research, leveraging advancements in IR
thermography and processing capabilities, offers novel insights
into studying skin cancer. However, there is currently no stan-
dardized, reliable, quantitative, and non-invasive IRT-based
method to accurately determine the malignant potential of skin
lesions [5]. Previous studies employed various skin excitation
methods, with common cooling methods including convection
(cold air) or conduction (direct contact). Cooling with cold
air from a vortex tube, fan, or air-conditioning unit, as well
as conduction methods using cooled gel packs or aluminum
medals, have been explored [5], [10]–[13]. Cameras were
typically tripod-mounted in front of the lesion, while handheld
IR devices were also employed to capture reheating patterns
[5], [10], [12]. In steady state or after applying the cooling
load, the entire skin surface has a homogeneous temperature,
making it challenging to distinguish lesions from healthy skin.
Researchers [5], [7], [10] addressed this by introducing a
marker visible in both white light and thermographic images.
The marker can also be used to compensate for patient
movement and indicating the region of interest (ROI) to
prevent errors during data acquisition with a macroscopic
lens. Further insights into skin cancer diagnosis using infrared
thermography can be found in the recent review by Verstockt
et al. [14].

C. Creating reproducible results in a clinical setting

Ensuring the reproducibility and accuracy of results is vital
for integrating the new technique into clinical settings and
validating its application in medical infrared thermography.
Continuous temperature monitoring during skin lesion cooling
is essential, with convective cooling identified as the most
suitable method for dermatologic applications due to its non-
contact excitation. A recent study by Verstockt et al. [15]
categorized six cooling methods into convection, conduction,
and evaporative cooling. Results on a skin phantom favored
convective cooling for its consistent and uniform effect, while
conductive methods faced challenges with bulging or ulcerated
lesions. The use of ice or alcohol was discouraged due to arti-
facts like a water layer or evaporated alcohol which obstructs
the view. The Zimmer Cryo 6, a cryogenic cold air device,
stood out among tested devices for its advantages, including
uniform skin cooling, consistent cold air conditioning, high
cooling efficiency at -30 °C, and compliance with medical
device directives. Importantly, it did not obstruct the thermal
camera’s field of view, ensuring accurate recording of the skin
lesion’s cooling sequence. Its user-friendly nature contributed

to reduced workload in clinical practice. For reproducible and
accurate results, consistent measurement conditions, identical
distances, angles relative to the skin and an uniform and
constant application of cooling load are crucial. Recommen-
dations from previous research include using macro lenses for
enhanced resolution, careful camera positioning, and address-
ing patient motion correction, particularly with high-resolution
macro images [14].

This innovative infrared thermography approach minimizes
the need for complex surgical procedures, revealing previously
undisclosed characteristics of skin lesions and aiding in more
effective excisions. It reduces unnecessary excisions, promotes
less invasive and economical treatment modalities, and con-
tributes to improved aesthetic outcomes with smaller scars,
enhancing patient safety and comfort.

II. MATERIALS AND METHODS

A. Device Prototype

The device presented here is based on a previous unreported
setup developed by Mathias Bonmarin at the Zurich University
of Applied Sciences (ZHAW, Switzerland). The device is
depicted in Figure 1. Its primary objective is to diagnose,
characterize, and monitor skin diseases, with a particular
emphasis on skin cancers. The initial focus is on characterizing
the border and depth of skin lesions. Subsequently, the de-
vice’s functionalities may be expanded to differentiate between
malignant and benign lesions. The envisaged application of
the device is in dermatological clinics or preceding surgical
procedures, serving to determine the boundaries and depth of
skin abnormalities.

Fig. 1. left: CAD model of the device, middle: CAD model of the internal
structure of the device, right: Prototype device as built

1) Requirements: The established requirements offer flex-
ibility for adapting the measurement protocol and device to
meet validation needs. The device is made in such a way
that it can be applied in a variety of clinical cases, therefore
the requirements are not limited to fixed values. The non-
restrictive specifications for the prototype are outlined as
follows:

• The device must demonstrate ease of use and handling in
a clinical setting.



• Measurements conducted by the device should exhibit
accuracy and repeatability.

• The cooling excitation applied to the skin should be
uniform and homogeneous and adhere to the physical
constraints of the patient. The temperature and flow of
the cold air should be adjustable, ensuring the device’s
readiness for research purposes.

• The device integrates an infrared camera operating in
the long-wave infrared spectrum and an RGB camera for
lesion tracking in the visual spectrum.

• The accompanying software is designed to be straightfor-
ward, requiring minimal expertise for operation.

• The device should be medical device directive compliant.

2) Hardware description: The design of the skin cancer
diagnosis device utilizing active thermography adheres to
the scheme outlined in Figure 2. The accompanying block
diagram, presented in Figure 2, provides a comprehensive
overview of the hardware components essential for the device’s
operation and illustrates the communication pathways between
these components.

Fig. 2. Block diagram of the different hardware components of the device.
The arrows represent the communication between components.

Main device body: At the core of the system lies a
mini-PC, specifically the Udoo Bolt V8 featuring an embed-
ded Quad-core processor, AMD Ryzen V1605B. This mini-
PC operates with customized Python software, meticulously
crafted to efficiently oversee and coordinate all hardware and
software components in an intelligent, swift, and systematic
manner (refer to paragraph II-A3 for details). The Zimmer
Cryo C cooler is responsible for supplying conditioned dry
air at a temperature of -30 °C. Control of the Cryo C cooler is
facilitated through a custom Python library developed based
on the Zimmer RS232 communication protocol. The USB to
RS232 converter, mx-u232-p9v2 from Maxxtro, is employed
for communicating with the Cryo C cooler.

Introducing a heating coil at the air output from the Cryo
C enables the adjustment of air temperature. Powered by 230
VAC with 690 Watts of power, the heating coil can raise the air
temperature from -30 °C to 60 °C. This dynamic temperature
control capability even allows for the execution of lock-in

thermography during device operation. The temperature of the
air at the nozzle (5) output is monitored using a Platinum Thin
Film Pt100 RTD resistor (6) with a fast thermal response time
of 0.1s. The numbers between brackets correspond with the
components in Figure 3. The measurement is facilitated by
the Adafruit MAX31865 amplifier, specifically designed for
precision temperature sensing applications, ensuring a total
precision of at least 0.5 °C over all operating conditions. The
Eurotherm TE10a, a Thyristor power controller, controls the
operation of the heating coil. It receives a 4-20 mA signal from
the National Instruments DAC (Digital-to-Analog Converter).
The output signal of the DAC is calculated based on the set
temperature and the actual temperature of the air at the nozzle.
This control process is managed by a PID (Proportional-
Integral-Derivative), programmed with a dedicated Python
library, which regulates the output signal of the DAC to
maintain precise temperature control.

Measurement head: The measurement head incorporates
imaging devices, control elements, a temperature sensor (refer
to paragraph II-A2), lasers, and LED arrays as shown in Figure
3. The different components are indicated with a number.
The long-wave infrared camera used is the Optris Xi400 with
microscope optics (1) (Optris GmbH, Berlin, Germany). This
camera features an uncooled microbolometer detector with a
pixel pitch of 17 µm and a thermal sensitivity (NETD) of <80
mK. Equipped with manual motor focus and microscope optics
(AFOV: 18°×14°), the thermal camera captures 16-bit RAW
thermal image sequences at a resolution of 382 × 288 pixels
and a frame rate of 27 Hz. The microscope optics enable close
focusing on the subject, enhancing the visibility of minute
details in skin lesions with high resolution. The Optris Xi400
has a focusing range spanning from 90 mm to 110 mm. A
distance holder mounted to the measuring head maintains a
consistent distance of 100 mm to the skin lesion.

The RGB camera (2) employed is the Daheng Imaging
POE camera (MER-133-54GC-P) with a resolution of 1280
x 960 pixels with a polarizing filter to reduce reflections. Syn-
chronized with the infrared camera, the RGB camera captures
images simultaneously to facilitate movement compensation.
The LED arrays (3) and laser positioning system are controlled
with the Python software. The LED arrays use polarizing filters
to illuminate the measurement area, minimizing reflections on
the skin surface. The laser positioning system (4) consists
of two red lasers (650 nm, 7 mW) positioned at an angle.
When the measurement head is correctly positioned, the lasers
converge to form a cross in the middle of the measure-
ment area, simplifying the alignment above the skin lesion.
Two buttons (8) are utilized for controlling the motorized
focus of the thermal camera. Simultaneous pressing of both
buttons initiates the measurement sequence (as described in
section II-A3). A dedicated custom-made PCB (7) governs
the operation of all hardware components within the measure-
ment head. This specialized PCB incorporates the MAX31865
RTD-to-Digital Converter and an Arduino Nano (ATmega328
microcontroller). The Arduino Nano is linked to the mini-
PC through serial communication. The microcontroller is



Fig. 3. CAD model of the measurement head with all components indicated.
(1) Optris Xi400 (2) Daheng MER-133 (3) LED array (4) Laser (5) Nozzle
outlet (6) PTF temperature sensor (7) Custom PCB (8) Buttons (9) Distance
holder 100 mm (10) Polarizing window for RGB camera (11) USB and
Ethernet connector (12) Mounting block

responsible for reading button states, toggling the LED and
lasers, and managing temperature calculations and operates
independently following an instruction set of a predefined
algorithm.

3) Software description: The Python-written software for
operating the active thermography skin cancer diagnosis de-
vice is designed with user-friendly features to ensure foolproof
usage. The workflow, as illustrated in Figure 4, outlines
the steps for utilizing the device. The software, responsi-
ble for camera control, utilizes the InViLab camera toolbox
(GenPyCam, www.genpycam.com), which runs and manages
all cameras. The UML class diagram depicted in Figure 5
showcases the structure of the HypIRskin software. Within
this framework, the ArduinoControl class continuously
monitors the Arduino’s status, receives temperatures, man-
ages button and LED/laser control. The CentralControl
class orchestrates the collaboration of the DAC card, cam-
eras, Arduino, cryocooler, and temperature control. The ini-
tiation of the measurement sequence is facilitated by the
start_measurement method. During each measurement,
CentralControl initiates the appropriate measurement
type (steady state, cooling, or reheating) and waits on the
signal that the measurement is complete. A dedicated .h5 file is
generated for each measurement, storing parameters related to
the measurement and patient, alongside image data, thermog-
raphy parameters, and camera settings. The HypIRskin device
is operated through a GUI featuring a main window, enabling
comprehensive monitoring of all devices and facilitating mea-

surement setup as can be seen in Figure 6. Once configured,
the measurement sequence can be initiated directly from the
main window.

Fig. 4. Flow diagram of the software and usage of the device.

Fig. 5. UML class diagram for HypIRskin software. The camera object
inherits from a custom made camera toolbox developed by the InViLab
Research Group (GenPyCam, www.genpycam.com).

III. RESULTS

A. Cooling Analysis

A comparative analysis of different cooling methods was
carried out by the authors [15]. In this analysis, agarose skin
phantoms are used to create a homogeneous and uniform
material and to create reproducible results. The flat agar skin
models were subjected to the cooling load of the cryogenic



Fig. 6. GUI of the software to control the device. The left view is the RGB
camera, the right view is from the thermal camera with a smaller field of
view.

cooler at levels 1, 3 and 5 until the temperature of the skin
phantom reached 15 °C at 5 mm depth. As depicted in Figure
7, level 5 demonstrates a more rapid cooling of the skin
phantom compared to level 3 and level 1. Figure 8 illustrates
the application of the device on the flat agar skin phantom
and ulcerating skin phantom. The section of the skin phantom
is shown at the top. The bulge has a diameter of 25 mm
and a height of 5 mm. The thermograms selected at 5 s
into the reheating are displayed. Below each thermogram, the
corresponding histograms are shown. The histograms appear
relatively narrow and tall, indicating uniform cooling distribu-
tion on the skin phantom.

Fig. 7. The figure presents the results of applying three levels (1,3 and 5)
of the cryo cooler on the flat agar skin phantom until the sample reached a
temperature of 15 °C at 5 mm below the surface.

B. Prototype Test Results

The measurement head is positioned on the patient’s skin,
aligning it with the laser centered above the lesion. As of
the current writing, data has been gathered from only five
patients. Figure 9 provides an overview of the collected data
at five seconds into the reheating sequence for a confirmed
melanoma case. The top left image displays the RGB image
with the red dot laser, while the adjacent image exhibits
the corresponding infrared image in gray values. Within the
software, the center of the lesion (red cross) is designated. The

Fig. 8. top: Shape of the Agarose skin phantom, flat and ulcerating (bulging)
skin lesion, middle: the results of the cryo cooling method. The circular area
in the thermogram represents the ulcerating skin lesion, bottom: The Cryo
cooler exhibits a uniform cooling pattern, as evident from the histograms.

point with the same temperature as the center of the lesion
that is farthest from the lesion (blue cross) is identified, and
for each point, the five nearest points with the same value
are sought. The mean of these values is computed to mitigate
measurement noise. In Figure 9, red crosses are positioned at
the center of the melanoma, whereas blue crosses mark the
healthy tissue region. The thermal recovery curve for both
regions is depicted at the bottom of Figure 9. The maximum
temperature difference between the healthy skin and malignant
lesion is ± 0.8 °C. The temperature of the lesion increases
more rapidly and reaches a higher level than that of the healthy
skin, aligning with findings in the existing literature on this
subject [5], [12].

Fig. 9. Top left: RGB image of the lesion, Top right: corresponding
thermogram with five points at the same temperature in center lesion (red)
and healthy skin (blue), bottom: Thermal recovery curves of the red (lesion)
points and the blue (healthy skin) points.



IV. DISCUSSION AND CONCLUSION

The successful application of the HypIRskin device in both
clinical settings, namely at a doctor’s practice and in a hospital
environment, demonstrates its potential as an efficient tool
for characterizing skin cancer using infrared thermography.
The total measurement time of approximately three minutes
showcases the device’s rapidity, ensuring swift acquisition of
crucial diagnostic information. The adjustable cooling load
and duration offer flexibility in tailoring measurements to
specific cases, indicating the potential for further optimization.
The inclusion of laser guidance facilitates effortless device
positioning, enhancing overall usability. However, the distance
holder, while effective, is identified as an area for potential
improvement in design to enhance user experience and stream-
line the setup process. The automation of the measurement
protocol, not only contributes to time efficiency but also allows
physicians to allocate their focus to other critical aspects of
patient care. The homogeneous cooling load applied to the skin
lesion proves advantageous, ensuring uniform and repeatable
results. Standardizing the measurement cycle further enhances
the efficiency of data processing, facilitating seamless integra-
tion into clinical workflows.

In conclusion, the cooling load administered (at level 5 of
the cryo cooler) is effective in generating a temperature vari-
ance between the cancerous lesion and the adjacent skin during
reheating. The extent of cooling penetration is adequate, yet
further trials are necessary to refine the precise cooling load
tailored to different body sites. Initial findings from this in-
vivo device are promising, affirming the functionality of the
technology and the developed device. Nonetheless, further
investigation is warranted to determine the optimal device
settings for achieving clinically significant outcomes.

V. FUTURE WORK

The ongoing research focuses on refining algorithms for
automated lesion detection and accurately determining sub-
cutaneous lesion depth and borders using thermographic data
that will aid clinicians and dermatologists. Efforts are directed
towards achieving a diagnostic distinction between benign
and malignant lesions based on promising literature insights.
Additional patient data needs to be acquired, necessitating
the implementation of a measurement campaign to gather a
substantial dataset. Future work includes efficiency updates
for the control software and the development of a modular,
adaptable distance holder. Further down the line, exploration
into integrating multi- or hyperspectral imaging modalities into
the measurement head is envisioned, offering a more compre-
hensive understanding of skin lesions. These advancements
aim to enhance the HypIRskin device’s diagnostic capabilities
and position it as a versatile tool in dermatological diagnostics.
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